09/14/2005 14:26 7183578B15 



LAW OFFICE OF ALBERT 



PAGE 06/37 



Exhibit 1 



PAGE 6/37 * RCVD AT 9/14)2005 2:33:03 PM [Eastern D^gW Time]* SVR:USPTO-ffXRF*25 * DNlS:27383B0 * CSID:7183578615* DURATION (mm-ss):1W)4 



09/14/2005 14:26 7183578615 LAW OFFICE OF ALBERT PAGE 07/37 

RECEIVED 
CENTRAL FAX CENTER 

SEP 1 ^ 2005 Avagable on|lne wm^^K^co^IUSVS™ 



Supplement Review 

immunotherapy of type 1 diabetes: lessons for other 
autoimmune diseases 

Jean-Fran<?oie Bach 

INSERM U 25, Mdpilal Ned«r, Paris, France 

Correspondence: Jean Frangoia Bach, MD, INSERM U 25, HOpilal N* 1 *^' 1 ® 1 ,uo ^ Sevres, 75743 Psfis Cede* 1 5, Franoe. 
Tel: +33 (0)1 44 49 53 71 ; fax: +33 (0)1 43 06 23 68; email: b3eh@nector.fr 

Received: 23^2002 "» =002. 4 Uupp. 3):S3- S 1 5 

Revisions requested: 26 February 2002 
Revisions received: 27 February 2002 

i,..-^, o M-rtsh Q002 <& 2002 BioMed Central Ltd 

(Print ISSN I^O^NI 



Chapter summary . . 

The noncbese diabetic (NOD) mouse is a ^cognis*d ani^ 

insulin-dependent diabetes mellrtus. The disease is T-eall med.ated, invofvmg both CM and CM -ccBs. 
ns progress is corrrr^led by a variety of regulate* T cells. An unprecedented ^^^^ 
t^ente have been assessed in this mouse strain. This chapter qpMrtlly r ^^^* h ^ 
therapeutic manoeuvres, discussing them in the context of their 94"*™°* with regard to the 
underfy.ng mechan.ems and the potential clinical applications. The contrast between the surpnsmgry 
high rate of success found for a multitude of treatments (more then 160) administered earry .r^ i the 
natural history of the disease and the few treatments active at a late stage ,s doomed J"*^ 
of the concepts and strategies derived from this model abply to other auto^mune diseases, for which 
no such diversified data are available. 

Keywords; autoimmune dteease* immunotherapy, insulin-dependent diabetes meJlitue 



Introduction 

Insulin-dependent diabetes meHitus (IDDM), or type 1 dia- 
betes, is a T-cell-mediated autoimmune disease. Much 
effort has been devoted over the past two decades to 
establishing an immunological treatment that could substi- 
tute for insulin therapy. In this chapter, I provide an update 
of the noteworthy preclinical data obtained in the sponta- 
neous animal models of the disease and of clinical trials in 
progress. These data are presented with particular atten- 
tion to lessons that could benefit the immunotherapy of 
other autoimmune diseases, notably rheumatoid arthritis. 

IDDM as an autoimmune disease 

it is now firmly established that in the vast majority of 
cases, IDDM has en autoimmune origin [1 J. This does not 
preclude the possible aetiological role of a triggering envi- 



ronmental factor, notably a pancreatotropic virus, but the 
fact remains that the p-cell lesion is mediated by P-cell- 
specific autoreactive T cells. 

No consensus has been reached an the nature of the effec- 
tor T cellfe). Research on the nonobese diabetic (NOD) 
mouse has shown that both C04 and CDS clones could 
induce the disease separately, but it is likely that the two cell 
types cooperate in the P<je« lesion. COS T cells could act 
through a direct cytotoxic mechanism, although this has not 
been proven. CD4 cells could act either as helper T cells or 
as effector cells through cytokine production. 

Increasing importance is given to various subsets of regu- 
latory T cells that have been shown to control the onsets 
□f diabetes in both the NOD mouse and the BloBreeding 



A glossary of specialist terms used in Ihie chapter appears at the end of the text section. 
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(BB) rat. Three main types of regulatory T ceil have been 
described 12]: Th2 cells, which appear after administration 
of soluble p-cell autoantigens, CD4+CD25* T cells, and 
natural kilter I cells, which probably appear spontaneously 
during ontogeny. It ia not yet clear whether the onset of 
diabetes resuhe from the decline of T-cell -mediated regu- 
lation or, what is more likely, from the overriding of the reg- 
ulation by activation of (i-cell-specific effector T cella. 
Another major uncertainty relates to the nature of the 
events that trigger such activation. Antigen mimicry or 
pancreatic inflammation are the most likely, but not neces- 
sarily the only, mechanisms. 

Strengths and [imitations of the NOD mouse 
model 

More than 100 reports have been published using the 
NOD mouse to set up new immunotherapeutic strategies. 
Table 1 presents a nonexhaustive list of the main products 
or strategies tested so far. 

The large number of successful results in this mouse has 
raised the question of the validation of the model as a pre- 
clinical tool for Identifying strategies to be applied ulti- 
mately to humans. For several substances, the success in 
the NOD mouse has been confirmed in humans, e.g. 
cyclosporin A [3,4], heat shock protein {hsp)60 peptide 
[5], and anti-CD3 antibody (K Herold, unpublished obser- 
vations). For others, however, such confirmation was not 
obtained, e.g. nicotinamide [6J, oral insulin [7,8], and BCG 
(bacrlle Calmette-Guerin) [9]. It is important to realise 
that, contrary to human diabetes, which is essentially seen 
in the clinic when the disease is overt, diabetes in the 
NOD mouse can be studied at all stages of its natural 
history, including the preclinical stages. H is interesting in 
thJa context that the three drugs shown to be effective in 
human diabetes were still efficient in the NOD mouse at 
an advanced stage, whereas nicotinamide, BCG, and oral 
insulin worked only at the preclinical stage. 

An intriguing question is whether the preventive effects 
observed after administration of a drug at a very early stage 
(e.g. 4-6 weeks of age) are specific. An attractive hypothe- 
sis is that early intervention resets the homeostasis of the 
immune system before the disease starts to progress irre- 
versibly- H could be postulated that there is a checkpoint 
before which the disease outcome is not yet fixed. An 
agent that would inhibit the triggering event or boost 
irnmunoregulation could then show a long-term effect 
Applied after this checkpoint, the agent would not show 
any significant therapeutic effect. To fflustrate this concept, 
it may be suggested that if a virus causes the initial insult 
that triggers the onset of the diabetogenic process and 
that virus can be eliminated, an antiviral treatment could be 
effective if applied very early but would be ineffective once 
the initial inflammation had occurred and induced a sua- 
S4 tained immune response to (J-cell autoantigens. 



The NOD mouse is one of the few spontaneous models of 
T-cell-mediaied autoimmune diseases, and as such it is of 
special interest to all students of autoimmunity. This mouse 
strain <e also of major interest because it Ims bcun uiwd to 
generate many genetically modified models in which 
various genes have been deleted or overexpressed as 
transgenes in various tissues including the P cells (using 
the rat insulin promoter). Such mice provide invaluable help 
in discerning the mode of action of the various therapeutic 
strategies shown to operate in wild NOD mice. 

A weakness of the NOD mouse model is that the putative 
target (J-cell autoantigen(s) is (are) unknown. Several can- 
didates have been proposed, such as glutamic acid decar- 
boxylase, insulin, hep60, and IA-2 [1], but no firm evidence 
has shown any of them to be primary autoantigens. This is 
not necessarily a major pitfall, since data have been accu- 
mulated to indicate that such a primary autoantigen may 
not exist. Even if it exists, diversification of autoimmune 
specificities (antigen spreading) occurs so fast that the 
primary antigen may not be crucial. Additionally, at the 
level of cytokine-dependent irnmunoregulation (cytokines 
are discussed further in section 6 below), the occurrence 
of bystander suppression (10] allows the suppression ini- 
tially directed against a given P-cell antigen, whether it is a 
primary autoantigen or not, to be extended to most (5-cell- 
specif ic T*cefl responses- 

Preclinical studies: a unique array of 
approaches 

As mentioned above, a wide spectrum of agents or manip- 
ulations has been shown to prevent, and more rarely to 
cure, IDDM in NOD mice. They are listed here according 
to the factors postulated to contribute to the development 
of the disease. The various strategies that have been 
reported are presented below, and Table 1 lists the refer- 
ence or references relevant to each product or strategy. 

I.T-celi depletion or sequestration/diversion 

The most straightforward approach to immunotherapy of a 
T-celhmediated autoimmune disease such as IDDM is the 
removal of T cells, either targeted as a whole or as 
subsets. This has been accomplished in the NOD mouse 
using several approaches. 

Arrti-T-cell depleting antibodies offer the easiest strategy. 
One may thus delay the onset of diabetes by administration 
of depleting CD4 antibodies such as GK 1.5 and, to a 
lesser extent, CD 8, CD44, CD45RA, or CD45RB antibod- 
ies. However, although the onset of diabetes can be pre- 
vented in the best cases, there is no clear effect on overt 
disease, even when it is only recently estabfehed. In 
recently established disease, besides anti-C03 antibodies, 
which essentially act independently of major T-cell depletion 
(see below), only a mixture of depleting CD4 and CDS anti- 
bodies or polyclonal antilymphocyte antibocSes have been 
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Table 1 



lmmunoiherapeutlc agents or other treatments jggfl in WOO mice 



1 T-uull tlopbiioo ur wjqucolratic^divorsion 
1*1 Depletion 

Ann-C03 [28| 
Arrti-C04 [40] 
AmrCOS [41] 
Anti-C044 142] 
Anti-CD45ftA [43] 
Anli-C04SRB [44] 
AnM-ThyL2[45] 
Amilymphocyte globulin [1 1 ,46] 
Neonatal thymectomy [46] 
1.2 SetjuesttatkWdiveraron 
Anll-CD43 (47? 
Anti-VLA-4 (481 
Anti-VUV-4 (48,49] 
VLA-4/Tg fusion protein [501 
Arrtr-CD62L (49] 

2 Blockade of T-cdl activation 

2.1 Chemical immunosuppressants 

Cyclosporin A [51) 
FK-S06 [52] 
Azathioprine [53] 
Rapjjmycin (54] 
OooxysperguaTm [55! 

2.2 7 Irradiation (36] 

3 Targeting of T-ccU receptors 

3.1 TCRaP antibody [13] 

3.2 CDS antibody [28] 

3.3 VfS8 antibody [57] 

3.4 T-cell vaccination 

Polyclonal activated T cells [69] 
Glutaraktehyde-treated T celta [59] 
Activated T cells 
VpBT cells [60] 
Anti*hsp60 T-eell done (£1 J 

3.5 Blocking peptides [62] 

4 Targeting of WIHC molecules 

4.1 Anti-class-l [63l 

4.2 Anlhclasa-ll [64] 

4.3 MHC transgenic mice 

Oass I [65J 

i-Aiie.ee] 

I E [67] 

5 Targeting of cDstimulation and adhesion molecules 

5.1 Costimula&on mclsCutes 

Arrti-CD28 (68] 
CTLA-4-^g fusion protein [69] 
Anti-B7.2 [69] 
Anti^D40L [70] 

5.2 Adhesion molecules 

ArrtHCAM-1 [71 1 
Soluble ICAM-1 

Recombinant protein [72] 

Gene therapy (P Lenta/ehand, unpublished observations) 
Ami-Mac [73] 
AntrlFAH [71] 

6 Cytokine blockade 

6.1 IFN-y • 

AmUFN-y 174,75] 
iFhhffVJgGl fusion protein t7G) 

6.2 IL-2 

AnfHL'2R (77j 

(L-2R/lg fusion protein [78] 

IL-2 diphtheria-toxin protein [79] 



6.3 IL-1 2 

Ami-IL-12[60] 

IL-1 2 antagonist (p40)2 (B1] 

6.4 IFN-a (oral) [82] 

6.5 IL-1 

IL-1 antft>ody (83] 
IL-1 antagonist [84] 
6.B IL.8 [75] 

6.7 Lymphotoxin receptor [85] 
7 Pharmacologically active cytokines 

7.1 IL-4[66J 

7.2 IL-IO (87,681 

7.3 IL-13 [89] 

7.4 IL-3 [37] 

7.5 G-CSF (F Zavala, unpublished observations) 

7.6 Lymphotoxin [90] 

7.7 IL-11 [91] 

7.8 IL-1 a [92] 

7.9 TNFa (26] 

B Tolerance to soluble p-ceJI autoantigens 

8.1 Insulin 

Oral [93] 
Oral -HL-1 0(94] 
Intranasal [34.95! 
Subcutaneous 

Native protein [96] 

B chain [96] 

Inactive analogue [95.97] 
DNA vaccination [98] 

Gene-lranaler delivery [99] (protnauUn gene) 
Cholera-toxin conjugate [1 Q0| 

8.2 Glutamic acid decarboxylase (GAD) 

Oral [101] 
Intranasal [10?J 
Subcutaneous t* 033 
lntrathymic[104] 
DNA vaccination [1051 
Anti-GAD antibody [106] 

8.3 Meat shock protein 60 (hspSO) 

Subcutaneous or intraperitoneal 

Protein (1 071 

P277 peptide [108,109] 
Gene-transfer delivery [1 1 o) 

6.4 Pancreatic extracts (oral) [111] 
9 Stimulation of regulatory T cells 

9.1 Pathogens 

Bacteria 

Mycobacteria 

Mycobacterium boVrS [1 1 2) 
M avium [113] 

Complete Freund'a adjuvant [1 1 4) 

Lactobacillus case/ [1 1 5] 

Streptococcal extract [1 1 6| 

Klebsiella extract [117] 

Escherichia coir (+ oral msulln) [1 1 8] 
Viruses 

Mouse hepatitis viruB [1 1 9] 

Lactate dehydrogenase virus [i 20] 

Lymphocytic chorio meningitis virus [1 21 ] 
Parasites 

Rteri3e(122] 

Schiatoaomes (1 23] 

9.2 Stimulation of innate immunSy 

a-Gaiactoaylceramide [33,1 24] 

Continued overleaf 



So 
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Table 1 continued 



Immunotherapy tic agents or other treatments used In MOD mice 

9*3 Nontfeptalinfl snli-T-ceil antibodlSR 
Antl-Ct>3 [2B] 

Arrti<;L)4 [aoj 
Superantigens [1 25] 
10 Germ therapy 



12 Inhibition of p-ceti leabn 



10.1 



10.2 



10,3 



10.4 
10.5 
10.0 
10.7 



p-cefl antigens 

DNA vaccination (98,105] 
GAD immunoglobulin [1261 

IL-4 

Retrovirus (T-cell transfection) {1 57) 
• Biolistfc [1 28] 
Adenovirus [1 291 
lL-4rtgGl fusion protein [130] 
IL-10 

T-cell transfection [131] 

Local [T32J 

Systemic [133] 
ICAM-1 (P Lemarchand, in preparation) 
IFN-TR/lgGi fusion protein t76,130j 
TGF-ptl34] 
Calcitonin [135] 



13 



Nicotinamide tiafij 
Antioxidant 

Vitamin E [14S] 
ProbucDl analog (147) 
Ptobuqoi + deflazacort [1 48] 
Aminoguanidine [149] 
Ann'-mffammetorv agents 
Pentoxifylline [150] 
Rolipram (1501 
Mteceflansoua 



12.1 



12.3 



11 Cell therapy 



li.i 



11.2 
11.3 



11.4 
11.5 
11.6 



11.9 



Islet or segmental pancreas transplantation 
(+ immunosuppression) 
Syngeneic [12 J 

Allogeneic [136] (+ immunosuppression) 
Intralhymic islet transplantation [38] 
Bone marrow transplantation 

Allogeneic [137,1331 

Syngeneic [37] 
Dendritic Cells [139,140) 
Natural killer T cells [141] 
CD4 cell fines 

Polyclonal (142] 

Antrim (143] 
Allogeneic cells 

Macrophages (144] 

Spleen cells [26] 



13.1 Immunomodutatcrs 
Linomide (151] 
ijng-2hi-fl 1152] 
D-Glucan [153] 

Multi-functional protein 14 [154] 

Oamexon [1 55) 

Cholera toxin B [1 56,157] 

Vanadate [158] 

Vitamin D a analogue (1 &9J 
1 3,3 Hormones and related proteins 

Androgens [1 60] 

IGF-I [163] 
1 3.3 Irrvnunomanipulation 

Natural antibodies [1 01 ,1 tt] 

Lupus tdiotype [163] 

Upopofysaceharide [164,185] 

134 Diet 

Casein hydrcrfysate [1 6S,1 67] 
13.6 Other 

Surfatide [IDS] . 
Bee venom [90] 
Kampo formulation [1 69) 
SHiee [170] 
Ganglloside [171] 
AntiasialoOM-1 antibody (172] 
Hyaluronidase [42] 
ConcanavaTrn A [1 73] 



C045RA(SK CD45 receptor A(E3); CDXXU COXX Ijgsnd; CFA, complete Freund's adjuvant; GAD, glutamic acid decarboxylase; G ^ F \_ __ 
j -i i •:^.t«K— ir-AiA.i j« ra rr^»n,.i« adhesion molecular ; I FN, interferon; MHC. major histocompatibility complex; ICR, 



gr^rtutocyte-cotony-aUmulating factor; ICAM-1, interceflulaf 
T-cell receptor; V, variable region (of immunoglobulin); VLA, very late antigen. 



found to reverse the disease [11]. Immunosuppression is 
not specific to ft-ceJ1 antigens and may be prolonged, thus 
exposing the patient to the hazards of generalised immuno- 
suppression. A more subtle approach, which is probably 
less hazardous but also less efficient targets T-cell homing 
molecules, aiming al diverting pathogenic T cells or their 
precursors from migrating to the Islets- This is the putative 
mode of action of anti-VLA-1 , anti-VLA-4, anfrCD43. and 
anti-L-setectin (C062L) antibodies. 



notably, cyclosporin A, azathioprine, rapamycin, RC606, 
and deoxyspergualin- Again, these drugs essentially 
worked when given early In the course of the disease as a 
preventive, but not a curative, treatment. This point is illus- 
trated by results reported by Wang and Lafferty and their 
coworkers, showing that in diabetic NOD mice trans- 
planted with syngeneic islets, recurrence of diabetes 
could be prevented by a depleting CD4 antibody (GK 1 .5) 
but not by cyclosporin A [1 2). 



se 



2. Blockade of T-cell activation 

A less radical but similar approach to the previous one is 
to revareibfy block T-cell activation. At present, this is 
achieved using chemical immunosuppressants. 

Most drugs used in organ transplantation where T cells 
are also incriminated have been used, end these include, 



3. Targeting of T-cell receptees 

T-cell-receptorCTCR)-mediated recognition Of p-cell 
autoantigens is a central step in the diabetes pathogene- 
sis, at both the triggering and the effector phases, ft was 
thus logical to attempt to block TCRs- This has been suc- 
cessfully achieved using a number of approaches. 
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Global TCR blockade can be obtained by administering 
antibodies directed against the constant portion of 0$ 
TCRo or to the CD3 complex with which TCR is tightly 
associated both physically and functionally. In the case of 
CDS, though, the blonkariA «ffflrrt to only part nf the anti- 
body mode of action, which also involves depletion (at 
least when the entire antibody molecule is used) and 
especially T-cgII activation notably of regulatory T cells 
(sec below). Here again, at least for TCRotfl antibody, 
immunosuppression is of the global type and works only 
preventively. Regression of diabetes was observed in mice 
with recently manifested diabetes [13], which is interest- 
ing inasmuch as it provides strong support to the argu- 
ment that reversible T-cell-mediated inflammation takes 
place in the islets. However, such regression was incon- 
sistent and transient (at variance with that induced by anti- 
CD3 as described below). 

A more selective approach is to target T-cell subsets 
using selective TCR Vp antibodies, on the assumption that 
pathogenic T cells preferentially use selective VP genes. 
Some encouraging but as yet unconfirmed results have 
been reported for VP8.1 and Vpe. In fact, the experimental 
model in which such VP gene restrictive usage was initially 
reported, namely experimental allergic encephalomyelitis 
[14], has not been confirmed for other experimental 
autoimmune diseases. When whole myelin antigens are 
used, no clear Vp gene restrictive usage has been found 
in human autoimmune diseases. A special case might be 
made for human diabetes for Vp7 (and perhaps Vpi3), 
which are seemingly preferentially used by T cells present 
in islet infiltrates [15]. 

A last and even more specific TCR blockade could be 
obtained by immunising against tdiotypes of pathogenic T 
cells, ideally T-cell clones. This has been attempted in the 
NOD mouse either using polyclonal T cells or T-cell 
clones, notably clones of anti-hsp60 T cells. Some effect 
was reported, but the results, which were often only 
partial, require confirmation. 

4. Targeting of MHC molecules 

Peptides of p cells are presented to T cells in the context 
of MHC molecules. It was thus logical to attempt to modu- 
late the course of P-cell-specific autoimmunity in NOD 
mice targeting MHC molecules. Administration of either 
class+specrfic or class-ll-specific monoclonal antfoodies 
in young NOD mice (less than 2 months old) but not older 
ones prevents the onset of diabetes. The protection 
afforded by class II antibodies is long lasting and resistant 
to cyclophosphamide and can be transferred to nonanti- 
body-treated mice by T cells. Its precis© mode of action, 
however, remains elusive. K is noteworthy that NOD trans- 
genic mice overexpressing mutated MHC non-NOD class 
II genes are protected from diabetes and, again, the pro- 
tection can be transferred to wild NOD mice by T cells 



from transgenic mice [16,17]. Collectively, these data 
suggest that targeting MHC molecules might lead to stim- 
ulation of regulatory class ll restricted CD4 T cells, which 
are as yet uncharacterised. 

MHC molecules could also be targeted by blocking 
peptide binding to those molecules; this possibility is sug- 
gested by the prevention of diabetes that is afforded by 
the administration of lav 7 immunogenic but not tolerated 
peptide binder. Again, one would have to demonstrate 
that the Ia9? binder in question does not act as an altered ' 
peptide ligand (APL) known to stimulate regulatory T cells 
in these models. 

5. Targeting of costimulaflon and adhesion molecules 

The activation of autoreactive T cells specific to p-ceB anti- 
gens involves a number of costimulation and adhesion 
molecules. Thus, antibodies to B7.1 or to CD40L prevent 
the onset of diabetes. CTLA-4-lg, a fusion protein of 
CTUV4 and IgG Fc. which inhibits the binding of CD28 to 
B7, also delays the onset of diabetes. A similar preventive 
effect has been reported for an anti-CD2B antibody, but 
here the mechanism of action of the antibody probably 
relates to an agonistic effect leading to signalling of regu- 
latory T cells. In fact, this therapeutic approach is more 
generally complicated by the dual effect of 9ome of the 
agents used, depending when they are administered. 
Thus, CTLA-4-lg fusion protein prevents the onset of dia- 
betes when administered late but accelerates the progres- 
sion of the disease when administered early [18J. 

Note also that CD2B-'- and B7"*"" NOD mice show fulmi- 
nant diabetes, probably because of the absence of regula- 
tory T cells (18,19]. 

Diabetes has also been prevented by blocking adhesion 
molecules, particularly using antibodies against intercellu- 
lar adhesion molecule (ICAMM and LFA-1, Workers in 
this laboratory have recently found that administration of 
adenovirus-infected cefls producing soluble recombinant 
ICAM-1 also protected NOD mice against diabetes. We 
have even shown that such gene therapy can reverse 
recently established diabetes (P Lemarchand, unpublished 
observations). 

6. Cytokine blockade 

A wide array of cytokines are involved in the differentiation 
and activation of the various T-cell subsets contributing to 
diabetes pathogenesis in NOD mice. All antibodies 
directed at cytokines or cytokine receptors inhibiting the 
onset of diabetes relate to Th1 cells. Thus, the onset of dia- 
betes is prevented by antibodies directed against IFN-7. 
2 receptor (an association with low-dose cyclosporin A is ■ 
required), or IL-12. Interestingly, a similar effect was 
obtained by blocking tha cytokine receptor with a recep- 
tor/immunogtobutin fusion protein or by destroying the $7 
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receptor-bearing cell with a cytokine-toxin conjugate. The 
preventive effect of orally administered IFN-oc is interesting 
but is difficult to interpret. Also intriguing is the absence of 
diabetes prevention in NOD mice genetically deficient in 
IFN-y, IFN-y receptor, Or 1L-1 2 [20-22], a paradox probably 
explained by a redundancy of the genes coding for these 
cytokines and their receptors. Prevention of diabetes has 
been ropoitod after blockade of proinflammatory cytokines, 
namely IL-1, IL-6, and tumour necrosis factor (TNF)-et- In 
the latter case, the effect was observed only when the neu- 
tralising antibody was administered at a very young age. 

7. Pharmacologically active cytokines 

Many of the strategies resulting in stimulation of regulatory 
cells may be assumed to involve the suppressive effect of 
cytokines acting either systematically or locally at the islet 
level. The onset of diabetes may also be prevented by the 
direct administration of regulatory cytokines. 

Systemic administration of IL-4 can delay the onset of dia- 
betes. The effect ie not as dramatic as that of other proce- 
dures described here, but is nevertheless quite significant 
In fact, the effect is more clear cut when the cytokine is 
directly delivered in the islet using either gene therapy or 
p-cell-targeted transgenesis. 

IL-10 

Findings similar to those reported for IL-4 have been 
reported for IL-10 after systemic administration of the 
recombinant cytokine. Paradoxically, however, the onset of 
diabetes is accelerated by intra-islet delivery of IL-10 in 
transgenic mice C23] or by systemic administration of an 
IL-1 0— Ig fusion protein [24], possibly due in the latter case 
to an unexpected Th2 polarisation. 

A modest but significant delay in the onset of diabetes has 
been reportedly achieved by IL-1 3, another Th2 cytokine. 

G-CSF 

Grenulocyte-colony-stimulating factor (G-CSF) has been 
used successfully to protect NOD mice from diabetes, fol- 
lowing previous results in this laboratory showing that 
G-CSF could prevent systemic lupus erythematosus in 
{N2BxNZW)F, mice [25]. Data collected in these 
various models suggest that the effect of G-CSF could 
involve Th2 polarisation. 

TNF 

Contrasting results have been reported for TNF. Given in 
the aduft NOD mouse, TNF prevents the onset of diabetes 
[26J (an observation in keeping with the insulm'S accelera- 
tion brought about by anti-TNF antibodies). Conversely, 
given to newborn NOD mice, TNF accelerates disease 
. S8 progression [27]. 



IL-1 

IL-1 has been reported to protect NOD mice from the 
onset of diabetes. This is a surprising observation, 
because IL-1 has been shown to be exquisitely toxic to ft 
cells and because en antagonist has been reported to 
protect against diabetes. 

Again depending on the protocol of administration, IL-1 2 
may accelerate or slow down the progression of diabetes. 

LymphoToxin 

Diabetes protection has also been reported for rympho- 
toxin and rymphotoxiiweceptor fusion protein. 

s. Tolerance to soluble p-ceU autoantigens 

Many efforts have been made to induce tolerance to can- 
didate p-cell autoantigens. Prevention of disease {but not 
cure of established disease) has been obtained with 
insulin, glutamic add decarboxylase, and hsp60. In the 
case of insulin, evidence indicated that the effect was not 
exclusively linked to the hormone's metabolic activity, 
since the disease could be prevented with insulin, meta- 
bolically inactive B chain, or inactive analogues. In the 
case of hspSO, the antigen is not, strictly speaking, p-cell- 
specific, but its overexpression in inflamed P cells leads to 
some (^cell-selective expression. 

With each of these three antigens, diabetes was pre- 
vented by using various routes of administration: subcuta- 
neous (+ adjuvant), oral, nasal, intravenous, intrathymic. 
Tolerance was also induced by vaccination with antigen- 
specific DNA, as well as by transgenic overexpression of 
the autoantigen. 

At the level of underlying mechanisms, there is no true 
antigen-specific tolerance, since the downregulation of 
autoimmunity extends to antigens other than the tolero- 
gen. Accumulated data show that soluble p-cell autoanti- 
gens induce a deviation in immunity towards Th2, with 
bystander suppression probably invofving local release of 
immunosuppressive cytokines [2], 

a. Stimulation of regulatory T cells 

The diabetogenic autoimmune response is tightly con- 
trolled by a variety of regulatory T cells. I have pointed out 
how the administration of soluble p-cell autoantigens 
could stimulate Th2 cells and prevent the onset of dia- 
betes if given when the mice are young enough. Many 
other strategies have been used to prevent the onset of 
diabetes targeting non-Th2 regulatory T cells. One may 
assume, a priori t that most of these strategies are not £- 
cell-specific, since they use ncn-p-cell-related agents. The 
possibility cannot be excluded that, at least in some cases, 
the induced regulation is p-cell-specific at the effector 
leveL One may postulate that a nonspecific stimulation 
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leads to the activation or boosting of p -eel (-specific regula- 
tory T cells, whether or not they are of the Th2 type. The 
strategies for stimulating regulatory T colls may be classi- 
fied according to whether they make use of nondepleling 
anti-T-cefl monoclonal antibodies, stimulation of innate 
immunity, or pathogens, as discussed below. 

Nondcptetiny onlhT-ccll monoclonal antibodies 
Administration of anti-CD3 antibodies to NOD mice with 
recently manifested IDDM induces tong^erm remission of 
the disease. The effect ts obtained after brief treatment 
(5 days) and does not require the use of the mitogenic whole 
autoantibody molecule (nonactivating F(ab')2 fragments are 
tolerogenic) [26,29]. My colleagues and I have recently 
obtained data indicating that the effect is mediated by active 
tolerance invoking TGF-p-dependent CTLA+CD25+ T cells 
(L Chatenoud, unpublished observations). 

Similar, though less well documented, data have been 
reported for nondepleting anti-CD4 antibodies [30) T in 
keeping with the analogous effect of the same antibodies 
in transplantation. [31 J. 

Stimulation of innate immunity 

NOD mice show an early deficit in NK {natural killer) 
T cells, both quantitatively and qualitatively (deficient \L-4 
production) [321. It was thus logical to attempt to prevent 
IDDM in Such mice by stimulating the function of NK 
T cells. This was recentf/ done by administering a selec- 
tive NK-T-cell tigand, the glycolipid a-galactosyfceramide. 
Interestingly, the protection still applies in some protocols 
when the glycolipid is given late, and can inhibrt the recur* 
rence of disease in diabetic mice with grafts of syngeneic 
islets [33]. 

Stimulation of y5 regulatory T cells has been reported after 
intranasal administration of insulin [34]. It will be interest- 
ing to learn whether such T cells that protect against dia- 
betes after nasal administration of insulin are insulin 
specific. 

Pathogens 

Bacteria. A whole array of bacteria have been shown to 
prevent the onset of diabetes in NOD mice, Mycobacteria 
have been extenaivery studied, particularly Mycobacterium 
bows {the source of BCG vaccine) and M. avium. The 
effect is also obtained with mycobacteria extracts (in com- 
plete Freund's adjuvant). The role of regulatory T cells in 
protection induced by complete Freund's adjuvant or vac- 
cination with BCG is demonstrated by the transfer of pro- 
tection that is achieved when CD4 T cells from protected 
mice are transferred to naive m»ce [35], The nature of the 
regulatory ceils in question is open to speculation (are 
they Th2 cells? CD25 cells?). Other bacterial-cell extracts 
have also been shown to prevent the onset of diabetes in 
NOD mice, notably extracts of streptococcus or klebsieJla. 



Viruses. The onset of diabetes in NOD mice can be pre- 
vented by infection with various viruses, in partucular lym- 
phoohoriomeningitia virus (LCMV) r murine hepatitis virus 
(MHV), und lactate dehydrogenase virus (LDHV). 

Parasite*. Diabetes can also be prevented by deliberate 
administration of parasites, such as schistosomes Or filariae. 

10. Gene therapy 

Gene therapy may be used in many ways to prevent or 
cure diabetes in NOD mice. Insulin gene therapy and 
related strategies are not discussed in this chapter. 

Immune-based gene therapy has been developed along 
several lines. One possibility is to overexpress cytokines or 
cytokine receptors with the aim of reproducing the phar- 
macological effect of the particular molecules. Various 
exparimentaJ settings have been considered, including 
local intra-islet delivery of the cytokine (using transgenic 
mice or islet-specific T-cell transfection) and systemic 
delivery. Various vectors (viral and nonviral) have been 
used. IL-4, IL-4-lg fusion protein, IL-10, IFN^y receptor, Ig, 
and TQF-p all protected the mice from diabetes. 

We recently reported that systemic delivery of soluble ICAM- 
1 using a recombinant adenovirus vector could also be pro- 
tective and even curative in mice that had recentry developed 
diabetes (P Lemarchand, unpublished observations}. 

Less expected is the protective effect of calcitonin gene 
therapy. 

11. Cell therapy 

tsfet transplantation 

Syngeneic islet transplantation is really a palliative proce* 
dure, not an immunotherapeutte one. However, unlike 
insulin therapy, it poses the proof ems of the prevention of 
disease relapse on the graft and consequently requires 
associated immunotherapy. Many of the procedures 
described above have been used to prevent such disease 
relapse, e.g. anthCD3 and anti-CD4 antibodies, soluble 
glutamic acid decarboxylase, a-galactosylceramtde, and 
BCG vaccination. Similar immunological problems will be 
met with attempts to regenerate islet cells from ductal 
stem cells, as has been recently described. The problem is 
even more serious in the case of allogeneic islet transplan- 
tation, in which two problems - relapse and allograft 
rejection - are combined. 

Bone marrow transplantation 

Allogeneic bone marrow transplantation. Another 
approach consists in replacing the bono marrow T (and B) 
cell precursors. This is not an easy approach, because of 
the associated allogeneic reaction (graft versus host and 
host versus graft). Such aDoimmune response could have 
a protective effect, probably through the production of S9 
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immunoregulatory cytokines: this possibility is suggested 
by the protection afforded by induction of (usually partial) 
allogeneic tolerance in newborn NOD mice, which also 
totally protects from diabetes F36l. 

Syngeneic bone marrow transplantation. Mors unexpect- 
edly, Syngeneic bone marrow transplantation may also 
afford protection (in conjunction with tL-3), possibly by 
resetting immunoregulatory mechanisms that override 
effector ones [37]. 

Infusion of mononuclear cetts 

Prevention of diabetes has been reported after infusion of 
dendritic cells and CDa-'-CDS - '- thymocytes presumably 
enriched in NK T cells. It Has also been extensively demon- 
strated that the onset of diabetes in NOD mice is pre- 
vented by administering mature CD4 T cells (either 
polyclonal, notably of the CD25 type, or monoclonal). 

fntrathymic isl&t transplantation 

Diabetes has been prevented in NOD mice upon 
intrathymic grafting of syngeneic or allogeneic islets, either 
at birth or within 4 weeks of age. The preventive effect 
was associated with a complete absence of insulitis in 
most animals. The observations that spleen cells from tol- 
erant islet-grafted NOD mice did not transfer diabetes into 
immunoincompetent hosts [38] and that cyclophos- 
phamide did not break the tolerance in one study [39] are 
compatible with a preferential deletional mechanism. 

12. Inhibition of (*-ceII lesion 

Inhibition of the effector mechanisms leading to destruc- 
tion of p cells has been attempted with limited success. 

Nicotinamide has some protective effect but only at rela- 
tively high doses and early in the disease history. Nitric 
oxide (NO) inhibitors have also shown some effects as do 
antioxidants, pentoxifylline, and rolipram. 

Anti'TCR antibodies and CD3 antibodies also deserve 
mention here. They probably act, at least in part, by inacti- 
vating effector T cells, as is suggested by virtually immedi- 
ate reversal of hyperglycaomia after the first injection of 
such antibodies [l 3,28] . 

13. Miscellaneous 

Immunomodufathn 

Some products known to modulate immune responses 
(without showing a clear overall suppressor or stimulator 
pattern of activities) prevent the onset of diabetes in NOD 
mice. These include linomide, ciamexon, vanadate, vitamin 
D3, and D-glucsn. 

Hormones 

Some hormones or related compounds can also prevent 
SiO insutitis and the progression of diabetes in NOD mice. 



This has notably been reported for androgen©, a finding in 
keeping with the acceleration of disease seen after castra- 
tion in males and the high female/male ratio of affected 
mice. The enrol of diabetes is also prevented by IGF I. 

immunomanipulation 

Unexpectedly, immunisation against the lupus-associated 
idiotype 1 8/6 protects NOD mice from diabetes. The pro- 
tective effect of natural antibodies presumably has a 
similar mode of action. The effect of such antibodies is 
interesting, but their mode of action is poorly defined. 

Diet 

Various diets have been shown to slow the progression of 
diabetes in NOD mice, notably the low-protein diets. It has 
been reported that casein hydrolysate formula does likewise. 

Other products 

A number of products listed in Table 1 that have an ill- 
defined action on the immune system have also been 
reported to prevent the onset of diabetes in NOD mice. 

Concluding remarks 

The number and variety of therapeutic interventions 
capable of preventing diabetes represents an unprece- 
dented observation in immune pathology. The number of 
interventions that work in mice wrth advanced disease, 
and particularly with established diabetes, is much more 
limited, indicating that the majority of efficacious treat- 
ments, are active onfy at the very early stages of a 
chronic process progressing from insulitis to clinical dia- 
betes. As has been mentioned above, the only products 
that have been shown to arrest the destruction of 3 cells 
in man are those shown to act late in the natural history 
of the disease in NOD mice. Nevertheless, the early- 
acting procedures may prove useful in combination with 
late-acting drugs. One might envision treating patients 
who have recently diagnosed diabetes with the late- 
acting drugs, followed by administration of early-acting 
drugs, which would regain their activity once the immune 
homeostasis has been reset. Alternatively, these numer- 
ous early-acting compounds could be applied in man 
very early if valid prediction could identify subjects at risk 
of developing the disease. However,' the logistic prob- 
lems associated with such prediabetes trials should not 
be overlooked (for example, the number of subjects to be 
screened and enrolled and the duration of the trial). 
Lastly, many of the concepts and therapeutic strategies 
described above for ID DM could probably be extrapo- 
lated correctly to other autoimmune diseases, notably 
rheumatoid arthritis. 



Glossary of terms 

BB = BioBreeding (rat); BCG = bacille Cafmette-Guerin; 
NOD ■» nonobese diabetic (mouse). 
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